TITLE OF THE INVENTION 
MOSFET FORMED BY USING SALICIDE PROCESS AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-268970, filed September 13, 2002, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device and a method of manufacturing the same and, more 
particularly, to a transistor (MOSFET) formed by using 
a salicide process and a method of manufacturing the 
same. The present invention is applied to the contact 
portion between a gate electrode and source and drain 
regions and their lead electrodes. 

2. Description of the Related Art 

In recent years, introduction of poly-SiGe as a 
gate electrode material in a MOSFET has been examined 
to suppress depletion. CoSi2 that has been mainly used 
as a contact material at present forms Co(Sii»yGey) at 
first cold RTA (about 400°C) . At second hot RTA (about 
700°C), however, CoSi2 emits Ge to form an SiGe layer 
as a Ge-rich island and CoSi2- As a result, the sheet 
resistance considerably increases (e.g., Z. Wang, D.B. 
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or aggregation of NiSi2 having a high resistivity. 

As a measure against this problem, introduction 
of a Co intermediate layer to the Ni/Si or Ni/SiGe 
interface has been reported (e.g., J-S. Maa, D.J. 
Tweet, Y. Ono, L. Stecker and S.T. Hsu, Mat. Res. Soc. 
Symp. Proc. Vol. 670, K6.9.1 (2001)). However, this 
poses new problems for integration and, for example, 
increases the number of manufacturing processes. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, 
there is provided a semiconductor device having a 
MOSFET, the MOSFET comprising source and drain regions 
formed in a major surface region of a semiconductor 
substrate, a gate insulating film formed on a channel 
region between the source and drain regions, a gate 
electrode which is formed on the gate insulating film 
and includes a poly-Sii_xGex layer having a Ge/ (Si+Ge) 
composition ratio x (0<x<0.2), a first metal 
silicide film which is formed on the gate electrode and 
essentially consists of NiSi^-yGey, and second and 
third metal silicide films which are formed on the 
source and drain regions, respectively, and essentially 
consist of Nisi. 

According to another aspect of the present 
invention, there is provided a method of manufacturing 
a semiconductor device, comprising forming a gate 
insulating film on a semiconductor substrate, forming a 



gate electrode including a poly-Sij^-x^^x IsY^^ which 
has a Ge/ (Si+Ge) composition ratio x (0 < x < 0.2) on 
the gate insulating film, doping an impurity into a 
major surface region of the semiconductor substrate to 
form source and drain regions, forming an Ni film on 
the gate electrode and the source and drain regions, 
and performing annealing to change the Ni film on the 
gate electrode into an NiSii_yGey film and the Ni films 
on the source and drain regions into NiSi films. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a sectional view showing the sectional 
structure of a MOSFET so as to explain a semiconductor 
device according to an embodiment of the present 
invention; 

FIG. 2 is a sectional view showing the first step 
in manufacturing the MOSFET shown in FIG. 1 so as to 
explain the method of manufacturing the semiconductor 
device according to the embodiment of the present 
invention; 

FIG. 3 is a sectional view showing the second step 
in manufacturing the MOSFET shown in FIG. 1, following 
FIG. 2, so as to explain the method of manufacturing 
the semiconductor device according to the embodiment of 
the present invention; 

FIG. 4 is a sectional view showing the third step 
in manufacturing the MOSFET shown in FIG. 1, following 
FIG. 3, so as to explain the method of manufacturing 
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the semiconductor device according to the embodiment of 
the present invention; 

FIG. 5 is a sectional view showing the fourth step 
in manufacturing the MOSFET shown in FIG. 1, following 
5 FIG. 4, so as to explain the method of manufacturing 

the semiconductor device according to the embodiment of 
the present invention; 

FIG. 6 is a sectional view showing the fifth step 
in manufacturing the MOSFET shown in FIG. 1, following 
10 FIG. 5, so as to explain the method of manufacturing 

the semiconductor device according to the embodiment of 
the present invention; 

FIG. 7 is a graph showing the relationship between 
the Ge concentration and the sheet resistance of a 
15 metal silicide film formed on a boron-doped gate 

electrode of a P-channel MOSFET; 

FIG. 8A is a schematic view for explaining a 
double implantation portion of p- and n-impurities in 
an actual device; 
20 FIG. 8B is a schematic view for explaining an 

undoped portion due to, e.g., PEP misalignment in an 
actual device; and 

FIG. 9 is a graph showing the relationship between 
the Ge concentration and the sheet resistance of a 
25 metal silicide film formed on a gate electrode having 

an undoped portion. 
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DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 is a sectional view showing a MOSFET so as 
to explain a semiconductor device according to an 
embodiment of the present invention, 
5 A substrate 1 is an n- or p-type silicon 

substrate. An element isolation structure 2 is formed 
on the major surface of the substrate 1 by, e.g., a 
burying element isolation method. A p- or n-type well 
region 3 is formed in the active element region of the 

10 substrate 1, which is defined by the element isolation 

structure 2 . Source and drain regions SO and DR that 
sandwich a channel region are formed in the well region 
3 . The source and drain regions SO and DR have 
structures with source and drain extensions. The 

15 source and drain regions SO and DR are formed from 

heavily doped impurity diffusion regions 9 and lightly 
doped impurity diffusion regions 6 formed near the 
channel region in the regions 9. A metal silicide film 
(NiSi) 10a is formed on each heavily doped impurity 

20 diffusion region 9 by a salicide process. 

A gate insulating film 4 is formed on the channel 
region between the source and drain regions SO and DR. 
The gate insulating film 4 may be made of a silicon 
oxide film. However, the material preferably includes 

25 a silicon nitride film. A gate electrode 5 is formed 

on the gate insulating film 4. The gate electrode 5 
has a single-layered structure of a poly-Sio . 88^®0 . 12 
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layer or a two-layered structure having a 
poly-Sio . ss^eo . 12 layer formed on a poly-Si layer* The 
poly-Sio . SS^^O . 12 layer is preferably formed from 
poly-Sii-xGex with a Ge/ (Si+Ge) composition x (0 < x < 
5 0.2 and, more preferably, 0.04 ^ x ^ 0.16), In this 

example, poly-Sio . ssGgq . 12 1^ used. 

On the gate electrode 5, a metal silicide film 
(NiSi]__yGey (y_ is almost equal to x) / e.g., 
NiSio . ssGsQ . 12) 1^^ 1^ formed by the salicide process. 

10 Silicon oxide films serving as post-oxide films 7 and 

sidewall insulating films 8 are formed on the sidewall 
portions of the gate electrode 5. The sidewall 
insulating films 8 are structures necessary in the 
manufacturing process for forming the source and drain 

15 regions SO and DR described above. The sidewall 

insulating film 8 is formed from, e.g., a silicon 
nitride film and a silicon oxide film. Offset spacers 
may be formed on the sidewall portions of the gate 
electrode 5. 

20 An interlayer dielectric film including, e.g., a 

silicon nitride film 11 and a silicon oxide film 12 is 
formed on the MOSFET. Contact holes 15-1, 15-2, and 
15-3 are formed in the interlayer dielectric film at 
positions corresponding to the source and drain regions 

25 SO and DR (metal silicide films 10a) and a position 

corresponding to the gate electrode 5 (metal silicide 
film 10b) . Tungsten (W) plugs 14-1, 14-2, and 14-3 are 



buried in the contact holes 15-1, 15-2, and 15-3 via 
barrier metal layers 13-1, 13-2, and 13-3 each made of 
a TiN film or a multilayered structure of TIN and Ti, 
respectively. 

Lead electrodes such as a source interconnection 
16-1, drain interconnection 16-2, and gate inter- 
connection 16-3 are formed on the interlayer dielectric 
film and electrically connected to the W plugs 14-1, 
14-2, and 14-3. 

As described in this embodiment, when a 
poly-Sii-xGex layer having the composition ratio x (0 < 
X < 0.2 and, more preferably, 0.04 ^ x ^ 0.16) is used 
as the gate electrode material of the MOSFET, any 
increase in sheet resistance of the metal silicide film 
10b on the gate electrode 5 can be suppressed. 
Accordingly, the parasitic resistance of the transistor 
can be reduced, and the switching speed can be 
increased. 

As described above, as the gate electrode 5, a 
single-layered structure of poly-Sii_x*2ex or a 
two-layered structure of poly-Sii_xGex/poly-Si (poly-Si 
is formed on the side of the interface to the gate 
insulating film) is used. When the poly-Si^-xGex layer 
is thin, Ni readily passes through Sii_xGex and 
preferentially reacts with Si. For Ni, the thickness 
of the underlying Si^-x^^x layer, which is consumed by 
the reaction, is almost the same as the thickness of 



the Ni film before the reaction. In consideration of 
a margin by morphology roughness on the 
NiSii-yGe/Sii_xGex interface, the Sii-x^ex layer 
preferably has a thickness at least about twice that of 
the Ni film before reaction. 

According to experiments conducted by the present 
inventors, when the Sii-xGe^ layer was thin, the sheet 
resistance increased. Cross-section TEM observation 
revealed that Ni silicide passed through Sii-x^ex/ 
reacted with Si, and aggregated. This is supposedly 
because an Ni-Ge bond is more stable than an Ni-Si bond 
in terms of energy, and Nisi is formed more easily than 
NiSii_yGey . 

According to the above arrangement, when NiSi is 
used as a contact material, the switching speed of the 
transistor can be increased while avoiding any problem 
of heat resistance, including an increase in interface 
resistance to the source and drain regions or gate 
electrode due to the post-annealing at a high 
temperature and an increase in sheet resistance. 

A method of manufacturing the MOSFET shown in 
FIG. 1 will be described next. FIGS. 2 to 6 are 
sectional views showing steps in manufacturing the 
MOSFET shown in FIG. 1. 

As shown in FIG. 2, the element isolation 
structure 2 having a depth of about 300 nm is formed in 
the p- or n-type silicon substrate 1 by, e.g., a 
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burying element isolation method. Thermal oxidation is 
performed to form a silicon oxide film having a 
thickness of about 10 nm on the active element region. 
Impurity ions are implanted into the substrate 1 via 
5 the oxide film to form the well region 3 and channel 

stopper. As typical ion implantation conditions at 
this time, when, e.g., a p-well region is to be formed, 
boron (B) is ion-implanted at an acceleration energy of 
260 KeV and a dose of 2.0 x 10^3 cm"2 . For an n-well 

10 region, phosphorus (P) is ion-implanted at 

an acceleration energy of 500 KeV and a dose of 
2.5 X 10l3 cm-2. 

As shown in FIG. 3, the gate insulating film 4 
(Si3N4, Si02+Si3N4, or SiOxNy+Si3N4, ) having a 

15 thickness of 1 to 5 nm is formed on the active element 

region. For example, a poly-Sig . SS^^O . 12 layer is 
formed (or a poly-Si layer and a poly-Sio . SS^^O . 12 
layer are sequentially formed) on the gate insulating 
film 4 and patterned to form the gate electrode 5. 

20 A post-oxidation process is executed to form the 

post-oxide films 7 on the major surface of the 
substrate 1 and the upper and side surfaces of the gate 
electrode 5. Offset spacers (not shown) are formed on 
the sidewalls of the gate electrode 5, as needed. 

25 Then, ions are implanted into the major surface region 

of the substrate 1 using the gate electrode 5 as a mask 
to form the source and drain extensions (lightly doped 
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post-oxide films 7 are removed by a chemical process* 
Then, an Ni film is formed on the entire surface using 
sputtering (or CVD) • The thickness of the Ni film is 
about 10 to 15 nm. The thicker the Ni film becomes, 
the more the increase in sheet resistance due to 
aggregation can be suppressed. Accordingly, however, 
the junction leakage level increases. Hence, the 
thickness is preferably about 10 to 15 nm. Next, RTA 
is executed at 500°C to change the Ni films on the 
source and drain regions SO and DR and the Ni film on 
the gate electrode 5 into the metal silicide films 
(Nisi) 10a and the metal silicide film (NISIq . ssGeo , 12 ) 
10b, respectively. When the RTA temperature was as low 
as 450''C or less, the reaction did not sufficiently 
progress, and Ni2Sio . SS^^O . 12 remained on the surface 
of NiSio . ss^eo. 12 • When a chemical process using HCl 
and H2O2 or O3 was executed in the state wherein 
Ni2Sio . SSGeo . 12 remained, extra Ni reacted with the 
chemical solution so that film peeling took place. 
When the peeled portion was analyzed, Ni at that 
portion disappeared, and instead, an Si02 layer was 
observed. When an unreacted metal (Ni film) is removed 
by selective etching, a structure shown in FIG. 5 is 
obtained. 

As shown in FIG. 6, the silicon nitride film 11 
and silicon oxide film 12 are deposited as interlayer 
dielectric films. Then, CMP is executed to planarize 
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electrode. In other words, FIG. 7 shows the dependence 
of the sheet resistance on the Ge/ (Si+Ge) composition 
ratio. As is apparent from FIG. 1, the sheet 
resistance rarely changes when the Ge/ (Si+Ge) 
5 composition ratio range is 0 to 0.16 (0% to 16%) . 

However, the sheet resistance abruptly increases when 
the Ge/ (Si+Ge) composition ratio exceeds 0.2 (20%). 

The same tendency as described above was observed 
even in the metal silicide (NiSi^-yGey) film on the 

10 phosphorus (P)- or arsenic (As) -doped gate electrode 

(poly-Sii-xGe^) of an N-channel MOSFET. 

An actual device has a double implantation portion 
of p- and n- impurities, as shown in FIG. 8A, or an 
undoped portion due to PEP misalignment, as shown in 

15 FIG. 8B. 

FIG. 9 shows the relationship between the Ge 
concentration and the sheet resistance of a metal 
silicide film (NiSi^-yGey) formed on a gate electrode 
(poly-Sii_xGex) having an undoped portion corresponding 

20 to FIG. 8B. That is, FIG. 9 shows the dependence of 

the sheet resistance on the Ge/ (Si+Ge) composition 
ratio. In this case, a quite different tendency from 
that in FIG. 7 is obtained. The sheet resistance 
increased in a gate electrode (poly-Si) which 

25 corresponded to a Ge/ (Si+Ge) composition ratio of 0. 

Cross-section SEM observation and EDX analysis were 
executed as physical analysis. In the NiSi film on the 
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gate electrode including the poly-Si layer, aggregation 
with phase transition to the NiSi2 film was observed. 
On the other hand, no phase transition was observed in 
the NiSio . 88^^0 . 12 film on the gate electrode including 
5 the poly-Sio . 88^^0 . 12 layer used in this embodiment. 

The crystal particle sizes of poly-Si and Sii_x^^x 
shown in FIG. 9 were almost the same. As the tendency 
of heat resistance, the larger the crystal particle 
size becomes, the more easily aggregation progresses, 

10 and the higher the sheet resistance becomes. When the 

crystal particle size is small, aggregation hardly 
progresses. However, phase transition to NiSi2 readily 
occurs, and the sheet resistance increases accordingly. 
As described in the above embodiment, when a gate 

15 electrode material including a poly-Sii-xGe^ layer 

having the Ge/ (Si+Ge) composition ratio x (0 < x < 0.2 
and, more preferably, 0.04 ^ x ^ 0.16) is selected, 
any increase in sheet resistance in both a gate 
electrode including a poly-Sii-xGe^ layer doped with an 

20 impurity and a non-doped gate electrode can be 

suppressed. 

Hence, in a MOSFET for which annealing is executed 
after formation of metal silicide films, any increase 
in sheet resistance of the metal silicide on the gate 
25 electrode can be suppressed. When the increase in 

sheet resistance is suppressed, the parasitic 
resistance of the transistor can also be reduced, and 
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the switching speed can be increased. In addition, any 
increase in sheet resistance at various pattern 
portions such as an undoped portion due to PEP 
misalignment can also be suppressed. Hence, the 
5 manufacturing yield and reliability can be increased. 

In the above-described embodiment, the combination 
of Ni and SiGe has been described in association with a 
gate electrode. Independently, an attempt to increase 
the junction depth by epitaxially growing Si or SiGe on 

10 an Si substrate in source and drain regions has been 

examined. Even in this case, when the Ge concentration 
is set to be low as in the gate electrode, as described 
above, aggregation of Ni silicide and phase transition 
to NiSi2 can be suppressed. 

15 As described above, according to one aspect of 

this invention, a semiconductor device in which when 
Nisi is used as a contact material, the switching speed 
of the transistor can be increased while avoiding any 
problem of heat resistance, including an increase in 

20 sheet resistance of a gate electrode due to the 

post-annealing at a high temperature, can be obtained. 

In addition, a semiconductor device manufacturing 
method which can increase the manufacturing yield and 
reliability can be obtained. 

2 5 Additional advantages and modifications will 

readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
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the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
5 defined by the appended claims and their equivalents. 



